OBJECTIVE: To determine the effectiveness of interventions designed to prevent and treat obesity, and maintain weight loss. DESIGN: A systematic review of randomised controlled trials. SUBJECTS: Overweight and obese adults and children. MEASUREMENTS: Post-intervention changes in weight, fat content and fat distribution, measured relative to baseline. RESULTS: For obese children, family therapy and lifestyle modi®cation appear to be effective in prevention and treatment, respectively. The effectiveness of interventions to prevent and treat obesity in adults remains unclear, although behavioural therapy and multicomponent strategies may be useful. Continued therapist contact appears to be useful for maintaining weight loss. Pharmacological interventions appear to be effective for up to 9 months, after which regain occurs. Surgery appears to be effective for the morbidly obese and gastric bypass is more effective than gastroplasty. In general, the methodological quality of studies was poor. CONCLUSION: Due to problems with methodological quality, it is recommended that research ®ndings indicative of promising interventions are replicated.
Background

Prevalence
Epidemiological surveys of England indicate that the prevalence of obesity, de®ned as a body mass index (BMI) of greater than 30 kg/m 2 , is increasing. 1 In 1994, it was estimated that 13% of men and 16% of women aged 16±64 y were obese, 2 around double the rates for 1980. 3 Figures for the population in Europe as a whole, show that more than 10% of the adult male population and 15% of the female population, are obese. 4 In addition, the prevalence of overweight, de®ned as a BMI of b25±30 kg/m 2 , is increasing. In England the rates for men rose from 39% to 43% and for women from 26% to 29% between the years 1991 and 1994. 2 At the current rate of increase, the`Health of the Nation' target for England (prevalence of obesity 6% for men and 8% for women by the year 2005) is unlikely to be met. Various explanations for these increases have been put forward, such as sedentary lifestyles and higher levels of fat intake. 5 
Risk factors
Certain groups of people are at more risk of developing obesity than others, such as children in families where one or both parents are overweight or obese. 6, 7 Risk of obesity is also associated with social class. 8 The 1994 age standardised prevalence of obesity in women in England is 22% and 21% in social classes IV and V (partly skilled and unskilled), respectively, compared to 12% and 14% in classes I and II (professional occupations and managerial/technical). A similar trend exists in men, but within a much narrower range (10% in social class I to 14% and 13% in social classes IV and V, respectively). 2 Trends can also be recognised in obesity with respect to educational achievement. Women with no educational quali®cations show a mean BMI of 26.7 kg/m 2 as opposed to 24.6 kg/m 2 in those educated to A-level and above. Again, this trend is repeated for men.
entering marriage, during pregnancy, during menopause and at retirement. 1 Smoking cessation is also an important risk factor for weight gain, for either sex. 10, 11 The bene®ts of targeting speci®c groups individually, as opposed to the population as a whole, have yet to be determined.
It is widely believed that avoiding overweight and obesity, and achieving weight loss in obese or overweight persons, is bene®cial to health. The obese have an increased disposition to a number of conditions, such as coronary heart disease, hypercholesterolaemia, hypertension, diabetes, cholelithiasis, degenerative joint disease, social and pyschological problems 12 and obstructive sleep apnoea. 13 More speci®cally, it has been demonstrated, that there is a link between android or abdominal obesity and coronary heart disease, hypercholesterolaemia, hypertension and diabetes.
Due to the increasing health problem of obesity, health care professionals and purchasers are under pressure to intervene to reduce the prevalence of the condition. The aim of this review is to identify effective strategies for the prevention and treatment of obesity, and the maintenance of weight loss.
Methods
The relevant literature was identi®ed by a search of computerised databases (including MEDLINE, EMBASE, BIDS and PSYCHLIT), citations in identi®ed reviews and contributions from peer reviewers. Further details of literature searches and review methods are available via the CRD website (WWW : http : // www.york.ac.uk / inst / crd / obesity.htm) and in the full report to be published by CRD 14 (contact ®rst author). Only randomised controlled trials (RCTs) evaluating the effectiveness of interventions for treatment of obesity and the maintenance of weight loss were included. However, for studies addressing the prevention of obesity few RCTs were available. Therefore, for this category, non-randomised studies with a concurrent control group were accepted.
A second inclusion criterion was that all studies should observe participants for a minimum of one year. Short-term weight loss is common, but for an intervention to be deemed as effective, weight loss must be sustained in the longer term. The minimum observation period of one year could refer to the duration of the intervention itself, or to a combination of the intervention with a follow-up phase.
Studies were included if they reported any of the following outcome measures both at baseline and post intervention/follow-up:
(a) Measures of weight change, for example, absolute weight loss, percentage of weight loss, relative to baseline values.
(b) Measures of fat content, for example, BMI, ponderal index, skin fold thickness, fat free mass, fat loss. (c) Measures of fat distribution, for example, waisthip ratio, waist size.
Assessment of improvement in risk factors as a result of weight loss was not examined.
Results
Literature search results
Ninety-seven papers were identi®ed as meeting the inclusion criteria, 15±111 these reported 99 studies. The quality of the randomised controlled trials identi®ed, was not always of a high standard. Although 97 of the studies included were randomised controlled trials, only ten papers explained the method of randomisation. 41Y70Y78Y81À83Y85Y86Y90Y91 With the exception of the community based interventions, the sample sizes for the studies included were, in general, small. Of the included papers reviewed 62 had either less than 30 participants in each group or the sample sizes were not stated. Some of the smallest sample sizes were seen in the studies on children/adolescents where the size of the intervention groups was as low as ten. 20, 25 Drop-out rate was reported in 97% of the included studies. In the majority of cases, drop-outs were excluded from the ®nal data analysis and only six papers stated that analysis was carried out on an intention to treat basis. 15Y24Y67Y75Y102Y110 Over 60% of the RCTs identi®ed, were from the USA, and the rest were mainly European.
For the purpose of summarising the results of this research, prevention and treatment were considered separately for children and adults, and for the type of intervention.
Where possible, graphs have been produced to illustrate the mean (or median) changes in parameters measured from baseline to ®nal analysis for each intervention. These graphs can be located, along with detailed tables of the trials included, on the CRD website and in the full report. 14 The results are reported for each intervention type and the overall implications are then discussed as a whole.
Studies focusing on children/adolescents (Table 1 , website/CRD report 14 ) Preventing obesity in children. Only one of the included studies was concerned with the prevention of obesity in children. 15 This addressed prevention of progression to severe obesity in school children, aged 10±11y, with a BMIbthan 23kg/m 2 . Family therapy was compared to conventional treatment (dietary counselling by a dietician and regular visits to a paediatrician) and a no treatment group. The family therapy group received the same counselling and check-ups as the conventional therapy group, but they were additionally offered six family therapy sessions spread over 12 months. Signi®cant differences were found at the end of treatment (14±18 months) between the family therapy group and the conventional treatment group with respect to percentage increase in BMI (0.66% versus 2.31%, respectively, P 0.042), but this difference was not maintained at one year follow-up. No signi®cant differences were found between the conventional therapy group and the no treatment control group. However, at one year follow-up, it was demonstrated that the percentage of children with severe obesity (de®ned as BMI greater than 30 kg/m 2 ) was signi®cantly less in the family therapy group (5%) than in the control group (29%).
Treating children and parents together ( Figure 1 , website/CRD report 14 ). Three papers were concerned with the treatment of obese children and their parents together. 21, 26, 27 In one paper, 27 four RCTs were reported. Only two of the RCTs (Study 1 and Study 4) were included in this section. Study 1 examined the effect of targeting the parent for weight loss at the same time as targeting the child, compared to targeting the child alone. A third group, where there was a non-speci®c target, was also examined. Analysis at ®ve years follow-up, demonstrated that parents and children who were targeted jointly for weight loss, had achieved a decrease of 15.3%, in their percentage overweight, whereas children in the other groups showed an increase in percentage overweight.
Study 4 examined different types of exercise (aerobic, lifestyle and callisthenics), all three groups received the Traf®c Light Diet. 27 Parents and children had reciprocal reinforcement contingencies, in which they were encouraged to support the behaviour change in each other. At the 10 y follow-up, the children undergoing lifestyle or aerobic exercise, had achieved a statistically signi®cant greater change in the percentage overweight when compared to the callisthenics control group (719.7%, 710.9% and 12.2%, respectively). It should be noted that the sample sizes for these individual studies are not reported within this paper.
Two further studies targeting parents and children together, examine the effects of diet and exercise on weight loss in obese children. Epstein et al, 26 compared the effect of adding mastery criteria (strategies for taking control of one's own behaviour) and contingent reinforcement (use of rewards) to a Traf®c Light Diet and an exercise programme. Families in the experimental group received training in reinforcement strategies for weight loss. The control group were also taught behaviour change strategies, however, they were not required to demonstrate mastery of these changes. The main dependent measure for this study was percent over BMI, calculated using the 50th BMI percentile and based on population standards as the reference. The changes in percent-over-BMI from baseline to 6 months were, 730.1% for the experimental group and 720.0% for the control group. At 6 months post-intervention follow-up, the changes from baseline were 726.5% and 716.7%, and by 18 months follow-up 715.4% and 710.6% respectively. The differences between the groups with regard to percent-over-BMI, were statistically signi®cant postintervention and, 6 months follow-up at (P`0.05), but not at 18 months follow-up. A similar pattern of results was seen for both children and adults.
The effect of adding a lifestyle change exercise programme to the Traf®c Light Diet has been compared with the diet alone and a no treatment control group. 21 A statistically signi®cant difference was demonstrated for the children at 6 months, with the two treatment groups being lighter than the control group, who had gained weight. Data were unavailable at 12 months follow up for the control group, however, both treatment groups remained lighter than at baseline, although the treatment had no differential effect.
Parental involvement in the treatment of childhood obesity ( Figure 2 , website/CRD report 14 ). Three studies included parental involvement as part of the therapy without targeting the parents for weight loss. Brownell et al 19 suggest that behavioural treatment of adolescent obesity seems to be most effective when the child and parent attend support sessions separately. They examined three levels of parental involvement; mother and child attending concurrent group sessions separately, mother and child attending the same group sessions, and mothers not taking part in the formal treatment programme. At one year followup the mother-child separately group maintained a mean loss of 7.7 kg, in contrast to the other two groups which had both gained weight compared to baseline measurements. Only 12 participants were available in each arm at ®nal analysis.
Epstein et al, 22 evaluated the effectiveness of a family-based intervention for childhood obesity in children aged 5±8 y. Twenty-four girls were recruited and randomised into two groups, a behavioural management group and a control group receiving a non-behavioural, educational programme. After 12 months, there was a statistically signi®cant difference between the two groups, with the mean percent overweight being 15.6% for the treatment group and 28.0% for the control group. The sample size of this trial was small, with a total of only 19 children being included in the ®nal analysis.
A twenty-six week behavioural programme focusing on cue control, physical activity, food intake and rewards, was used to examine children's management of their own weight loss. 28 Parental responsibility for the completion of homework assignments and motivation of their children was compared to enhanced child involvement, where the children were trained in self-management techniques. Both groups lost weight during the intervention period, however, there was a trend for weight regain at follow-up. No statistically signi®cant treatment effects were demonstrated, although this may have been due to lack of statistical power.
The addition of controlled exercise to diet (Figure 3 , website/CRD report 14 ). Epstein et al, 23 examined the effect of adding controlled exercise (supervised aerobic sessions, three times weekly for 6 weeks) to diet for weight loss in obese girls. The addition of controlled exercise produced statistically signi®cant decreases in body weight (mean weight loss 6.82 kg) at six months when compared to diet alone (mean weight loss 3.81 kg) (P`0.05). This effect, however, was not sustained at twelve months.
Reinforcement of behavioural, diet and exercise strategies ( Figure 4 , website/CRD report 14 ). One study examined the reinforcement of behavioural, diet and exercise strategies. 20 All subjects (aged 14±20 y) underwent an eight week weight reduction programme, after which they were randomised into three groups, each with a different follow-up strategy. These were monthly follow-up sessions including reinforcement techniques and physical measurements, monthly follow-up sessions with physical measurements but no reinforcement, physical measurement at the end of the 12 month follow-up only. No tests of signi®cance are reported, however, mean weight loss for the group receiving monthly reinforcement was 3.65 kg during the one year follow-up compared to a mean loss of 1.9 kg for the group undergoing monthly physical measurements alone. Participants with no monthly contact had a mean weight gain of 3.4 kg at the one year follow-up. It should be noted that the number of subjects included in the ®nal analysis was extremely small and there is no evidence that the groups were comparable at baseline. The bene®t of regular follow-up sessions after a successful weight loss programme cannot be established from this paper.
Protein sparing modi®ed fast versus hypocaloric balanced diet ( Figure 5 , website/CRD report 14 
).
One study evaluated the effects of two different diets, the protein sparing modi®ed fast (PSMF) (600± 800 kcal/d) and the hypocaloric balanced diet (HBD) (800±1000 kcal/d). 25 The mean age of children in the study was 11 y (range 7±17 y). Both groups were placed on their respective diets for the ®rst 10 weeks, and then placed on a 1000 kcal balanced diet increasing to 1200 kcal/d after three months. A statistically signi®cant difference was demonstrated for mean weight loss at ten weeks, the PSMF diet showing a loss of 11.2 kg compared to a loss of 5.1 kg for HBD (P`0.01). At the one year follow-up, the mean weight in both groups had returned to baseline levels. However, small sample sizes prevent us from drawing ®rm conclusions from these results.
Lifestyle changes ( Figure 6 , website/CRD report 14 ). The role of lifestyle changes in weight loss of obese children has been examined in two studies. 24, 29 The ®rst of these papers looked at reinforcing different levels of physical activity. The subjects were randomised into three groups: reinforcing decreased sedentary activity; reinforcing increased physical activity; reinforcing both decreased sedentary activity and increased physical activity. All groups received the Traf®c Light Diet and information on the positive effects of increased physical activity and negative effects of sedentary behaviour. The decreased sedentary behaviour group showed a decrease in percent overweight of approximately 19%, the exercise and combined groups showing decreases of 9% and 11% respectively, after one year (estimated ®gures from graph). The results support the hypothesis that reducing access to sedentary activities may be more important than exercise programmes in treating childhood obesity.
Mellin et al, 24 compared the 14 week`Shapedown' programme to a no treatment control group. Thè Shapedown' programme is based on a number of cognitive, behavioural, affective and interactional techniques, encouraging the adolescents to makè successive, sustainable, small modi®cations in diet, exercise, relationships, lifestyle, communications, and attitudes'. Very low calorie or restrictive diets were avoided. At 12 months post-intervention, the relative weight loss compared to baseline was 9.9% vs 0.1% for the treatment and control groups respectively.
Prevention of obesity in adults (Table 2, Figure 7 , website/CRD report 14 ) Three studies looking at the prevention of obesity in the community met our inclusion criteria. One study, 16 which may have included some adolescents, was part of the Stanford Five-City Project, designed to assess the value of community-wide health education on risk factors for cardiovascular disease. It compared six years of an extensive multi-media education programme, targeting all residents between the ages 12± 74 y in two cities, with no intervention in two reference cities. Only a few initiatives were aimed directly at the obese population. The study was quasiexperimental in design. The results of an independent survey indicated that the mean BMI in both groups had increased and this increase was signi®cantly greater in the control group (1.25 compared to 0.57 for the intervention group) (P`0.05).
Forster et al 17 randomised 219 participants to either a weight gain prevention programme or a no treatment control group for a period of 12 months. The prevention programme consisted of monthly newsletters providing information on diet, exercise, behavioural management and health problems associated with being overweight. Each month participants were required to record their weight on a postage paid postcard. A ®nancial incentive was also offered to those in the prevention group. Those undergoing the prevention programme demonstrated a mean change in weight of 70.95 kg after 12 months, compared to 70.14 kg for the no treatment control group. The drop-out rate was low, with a total of 210 participants being available for assessment at the end of the 12 months.
The third study in this section reports the evaluation of weight reduction in the Minnesota Heart Health Programme. 18 The study included three pairs of communities matched for size and type. Three communities received a social and behavioural management programme, aimed at alerting the participants to the potential for primary prevention and providing programmes for behavioural change. The remaining three communities received no treatment. Results from both cross-sectional and cohort surveys show BMI rising by approximately 1 BMI unit on average over the 10 y period, in both the intervention and the control communities. Adjusting for height and other confounding factors, this represents an average increase in weight of approximately 1.8±2.7 kg per person.
Treatment of obesity by behavioural interventions (Table  3 , website/CRD report 14 
)
Spouse involvement ( Figure 8 , website/CRD report 14 ). Four papers evaluated the role of spouse involvement in behavioural treatment programmes for obesity. Black and Lantz 30 studied married women aged 23± 53 y who were at least 10% overweight, but otherwise healthy. All the women attended 10 weekly behavioural treatment sessions. Subjects were assigned to three groups which involved husbands to differing degrees during the behavioural weight loss programme. The`husband contracting' condition required husbands to attend treatment sessions with their wives and provide active encouragement during the weight loss process. The`husband not contracting' condition involved husbands attending the treatment sessions, but not providing active encouragement. Thirdly, the`husband absent' condition meant that the wives attended treatment sessions alone and that husbands had no role at all in the weight loss programme.
From post-treatment to follow-up at one year, thè husband absent' group lost signi®cantly more weight than the`husband not contracting' group (P`0.05). Women in the`husband contracting' group were not signi®cantly different from women in the other two conditions. Moreover, there was a statistically signi®-cant difference in the effect of the three treatment conditions from baseline to one year follow-up (P`0.02). Mean cumulative weight losses at one year follow-up were as follows:`husband contracting' group 7.0 kg,`husband not contracting' group 4.2 kg, husband absent' 7.4 kg. The generalisability of the results in this study is dif®cult to establish since data were analysed on very small samples of approximately 11 individuals in each treatment group.
Dubbert and Wilson 31 recruited married subjects who were at least 7 kg overweight, but not more than 100% overweight, and otherwise healthy. These patients were assigned to one of four treatments examining the use of daily or weekly calorie goals, either with or without spouse involvement.
At the 12 month post-treatment follow-up (data obtained by telephone or postal questionnaire), the overall mean weight regain was 1.2 kg. However, changes in weight were variable with 38.2% of respondents reporting additional weight loss, 49.1% regaining part of their previous losses and 12.7% weighing more than their pre-treatment weight. At the 30 month post-treatment follow-up, the overall mean weight regain of those who responded was 2 kg. At this stage, subjects in the couples treatment groups demonstrated superior management of weight loss compared to the other groups, although the differences were not statistically signi®cant.
A further study examined the role of full husband involvement, partial husband involvement or no husband involvement in the weight loss programme. 32 At the end of a 16 week behavioural intervention, mean weight losses were as follows: full husband involvement group 4.7 kg, partial husband involvement group 4.9 kg and no husband involvement group 3.2 kg. There was a statistically signi®cant weight loss across the three treatment groups when values were compared to baseline (P`0.001). A greater mean weight loss was achieved by the women in both groups involving the husband in the weight loss programme, compared to those where the husband was excluded (P`0.001), but no statistically signi®-cant differences were demonstrated between the two levels of husband involvement.
At the three year follow-up, data from the two husband involvement groups were combined and compared to results derived from subjects who participated alone. At this time, no statistically signi®cant difference in mean weight loss was observed between husband involvement (4.4 kg) and no husband involvement conditions (3.6 kg).
The role of spouse involvement in the treatment of obesity using behavioural therapy in conjunction with a reduced calorie intake was examined by Pearce et al. 33 Altogether there were ®ve treatment conditions. In the ®rst, the co-operative spouse group, spouses were asked to attend treatment sessions and to participate fully to help their partners lose weight. Treatment strategies included mutual monitoring of eating behaviour by subjects and spouses. Women in the second group attended treatment sessions alone and did not receive any support from their spouses. In addition, the women unobtrusively monitored the behaviour of their spouses, but the activity was not mutual. Thirdly, the wives alone condition entailed subjects attending behavioural treatment sessions alone with no participation from spouses and no monitoring activities. Fourthly, the alternative treatment group received instruction on the hypothetical and underlying causes of overeating, self-understanding and insight into eating behaviours. Finally, there was a waiting list control group who were offered treatment at the end of the 10 week treatment programme.
At the 12 month follow-up, the co-operative spouse group had statistically signi®cant superior mean weight losses to both the alternative treatment group and the wives alone group (8.3 kg, 0.3 kg (gain), and 2.2 kg respectively). The non-participating spouse group also had signi®cantly higher mean weight losses compared to the alternative treatment group (mean loss of 5.6 kg vs mean gain of 0.3 kg). There were no statistically signi®cant differences for any of the other group comparisons.
Interventions based on cognitive therapy ( Figure 9 , website/CRD report 14 ). The effectiveness of the inclusion of`Value Self Confrontation' (VSC) techniques in a behavioural therapy package was compared to a group discussion condition and a no treatment control group. 34 The authors describe VSC as a method which brings about a change in behaviour through a re-ranking of personal values. In the study, changes in eating behaviour were promoted by asking subjects to compare their own values with those of successful and unsuccessful weight losers, and thereby modify their own hierarchy of values. The VSC group had lost signi®cantly more weight than the other two groups combined, at the end of the 2 month intervention (2.03 kg vs 0.28 kg). However at the one year follow-up, there were no signi®cant intergroup differences.
Bennett 35 strati®ed overweight females subjects into low loser or high loser groups according to their weight loss during a preliminary diet period. Subjects were then randomly assigned to receive one of three behavioural treatments, cue avoidance, cognitive rehearsal or social pressure. After 16 weeks of treatment, all groups demonstrated statistically significant mean weight losses. Subjects in the cue avoidance group lost signi®cantly more weight than those in the social pressure group and high losers lost signi®cantly more than low losers. The only statistically signi®cant result at the one year follow-up was for the overall mean weight loss over time.
In a second study, overweight women were assigned to four treatment conditions. 36 The ®rst group received behavioural instruction sessions relating to cognitive rehearsal. Those in the second condition were trained in the awareness of thinking patterns in problem situations. In the third group, subjects were individually encouraged to exercise their own self-control abilities, without recourse to speci®c behavioural strategies. Finally, those assigned to group contact received the core programme only, as provided to all the study participants. This consisted of individualised nutritional advice and social support, with progressively fading therapist contact.
There were no statistically signi®cant between group differences at any point during the study or follow-up. The mean weight loss across all participants at the end of the 16 week intervention was 4.9 kg, and at one year follow-up 2.4 kg.
A study of obese women evaluated the effects of including behavioural therapy in a conventional NHS dietetic weight reducing clinic, without the presence of a clinical psychologist. 37 A 2 6 2 6 2 factorial design incorporated the following conditions: lea¯et (describing and recommending cue avoidance) vs no lea¯et, diary (self-monitoring of dietary activities) vs no diary, and group treatment with a dietician vs individual treatment.
Following the 20 week intervention, post-treatment values were compared to baseline and the mean overall weight loss was 5.3 kg. The group treatment mode produced statistically signi®cant greater weight losses compared to those receiving individual treatment (P`0.05). There was also a statistically signi®cant effect for the interaction between group treatment and lea¯ets (P`0.05). At the one year follow-up, the mean overall weight loss was 4.0 kg. No statistically signi®cant effects were demonstrated at this point.
Perri et al 38 employed a standard behavioural therapy (SBT) approach to evaluate the effect of lengthening the duration of treatment. Adult volunteers who were 25±100% overweight, were assigned to either 20 or 40 weeks of treatment.
The extended therapy group achieved a statistically signi®cant greater mean weight loss at 40 weeks, 13.64 kg vs 6.41 kg (P`0.05). A similar difference was maintained at 72 weeks, 9.85 kg vs 4.61 kg (P`0.05). However, it should be noted that the post-treatment follow-up for the extended group is 20 weeks shorter than that of the other group.
Meyers et al 42 compared three different methods of providing an eight week cognitive behavioural treatment programme for weight loss. One group received the programme by attending meetings, led by a therapist. A second group was treated as the ®rst, except that their treatment sessions were videotaped. The third group did not have live contact with a therapist, but viewed the videotaped meetings from their homes, on a scheduled television broadcast. These three treatment groups were compared to a waiting list control group, who were offered the treatment regime given to the ®rst group at the end of the 8 week intervention period.
At the end of the 8 week intervention period, the ®rst three groups had an overall statistically signi®-cant weight loss compared to the control group (approximately 4.3 kg vs 0.9 kg), but there were no statistically signi®cant differences between the three active treatment groups. At 15 month follow-up, the three groups had regained lost weight, signi®cantly so in the case of the second (videotaped) group. This study provided some information about cost-effectiveness and concluded that the televised programme was signi®cantly more cost effective than either of the live contact groups.
Individual versus group therapy ( Figure 10 , website/ CRD report 14 ). Jeffery et al 39 studied monetary contracting as a behavioural strategy for obesity, whereby a monetary deposit made by each participant at the ®rst treatment meeting would be refunded in stages, according to weight loss. Participants were allocated to six different groups varying by type of contract (group or individual), and by how much money was deposited by participants. Refunds for those in the group contract conditions were dependent upon the average weight loss of that group.
At the end of the 15 week intervention, there was a statistically signi®cant treatment effect for all the groups when compared to baseline. Moreover, subjects in the group contract conditions lost a statistically signi®cant greater amount of weight compared to those in the individual contract groups. However, these differences were not maintained at 12 month follow-up, and all groups had regained signi®-cant amounts of weight. The size of the monetary contract was not found to be a statistically signi®cant factor in determining weight loss at any stage of the study.
Behavioural treatment by correspondence ( Figure 11 , website/CRD report 14 ). Cameron et al 40 examine the effects of different elements of a correspondence programme for weight loss. Subjects were allocated to different combinations of printed weekly lessons, weekly homework, interim weigh-ins and payment of a deposit. The printed lessons presented material on nutrition, exercise and behavioural strategies. Homework assignments entailed participants summarising in writing any changes in behaviour, plus the record of body weight. Interim weigh-ins involved therapists checking the patients' weight, providing encouragement and answering any questions. All participants deposited Can$21, to be refunded contingent on returning homework and/or attending interim weigh-ins as required. The only statistically signi®-cant result at one year follow-up was that participants who received the combination of lessons and homework had a greater mean weight loss relative to the lessons only group (3.93 kg and 0.34 kg, respectively) (P`0.05).
Daily weight charting ( Figure 12 , website/CRD report 14 ). Fujimoto et al 41 examined the effects of behavioural therapy plus daily weight charting vs behavioural therapy alone. Results showed that although there was no statistically signi®cant treatment effect at the end of the seven month intervention (mean weight losses of 15.4 kg and 17.9 kg, respectively), there was a statistically signi®cant between group difference at the two year follow-up in favour of daily charting (14.8 kg vs 8.8 kg, respectively, P`0.05). These results suggest that daily weight charting may be of value as a weight loss maintenance intervention.
Behavioural therapy combined with speci®c dietary components ( Table 4 , website/CRD report 14 
Interventions for obese patients with non insulin dependent diabetes ( Figure 13 , website/CRD report 14 ). There were ®ve studies focusing on participants with non insulin dependent diabetes (NIDDM). Wing et al 49 compared a behaviour modi®cation group and a nutrition education group to the standard treatment for NIDDM at a 16 week weight loss intervention. The behaviour modi®cation group was given information on exercise, nutrition, diabetes, and a variety of behavioural strategies. The nutrition education group received the same basic information, but were not taught any behavioural modi®cation strategies. Both of these groups met weekly, whereas the standard care condition (basic information only) met monthly during the 16 weeks. At the 12 month follow-up, there were no statistically signi®cant differences between the three treatment groups in terms of weight loss.
In a four month behavioural programme, two different types of diet (calorie restriction vs calorie and fat restriction) were analysed in participants either suffering from NIDDM or with a family history of NIDDM. 50 NIDDM participants achieved a mean weight loss of 5.2 kg with the calorie and fat restricted diet at the end of the eight month follow-up, vs 0.96 for calorie restriction alone. This difference was statistically signi®cant (P`0.05). For those with a family history of NIDDM, there were no signi®cant differences with respect to the diet received.
Wing et al 51 compared a 12 month continuous low calorie diet (LCD) (1000±1200 kcals/d) to a low calorie diet with intermittent periods of a very low calorie diet (VLCD) (400±600 kcals/d). At both one and two year follow-up, there was no signi®cant difference between the two groups for weight loss, and weight regain occurred in both groups. The ®nal measurements at two years, showed a mean weight loss of 5.7 kg in the LCD group and 7.2 kg in the VLCD group.
An earlier study 52 compared obese diabetic subjects treated alone to obese diabetic subjects treated alongside their overweight spouses. The weight control package consisted of 20 weeks of behavioural therapy. Mean weight loss did not differ signi®cantly between treatment conditions at post-treatment or at one year follow-up (5.26 kg and 3.17 kg for alone and together conditions, respectively).
The ®fth paper compared a liquid supplement diet (800 kcal/d) with a diet consisting of liquid sup-plements and conventional foods combined (500 kcal/ d). 53 After twelve weeks of treatment all participants received individual meal plans that gradually introduced conventional foods over a period of 4±6 weeks. Both groups had lost statistically signi®cant amounts of weight by the end of the treatments (15.3% and 14.1% of initial weight, respectively). At the one year follow-up, the two groups combined sustained statistically signi®cant weight losses over time (P`0.0001), but between group differences were not analysed at this point.
VLCDs. (Figure 14 , website/CRD report 14 ). Wadden and Stunkard 54 compared the use of either VLCD or standard behaviour therapy (SBT) alone to VLCD and SBT combined. The VLCD programme lasted for four months. During the ®rst month, participants were prescribed a 1000±1200 kcal/d balanced diet, followed by two months of 400±500 kcal/d, with a return to conventional foods in the fourth month. Participants undergoing SBT only, were prescribed a 1000±1200 kcal/day diet for 6 months. The third group received a combination of the VLCD plus SBT.
At post-treatment, mean weight change for the combined therapy was 719.3 kg compared to 714.1 kg and 714.3 kg for the VLCD alone and the SBT alone, respectively (statistically signi®cant difference). At one year follow-up, participants in all three groups had regained comparable amounts of weight. The mean changes in weight were 712.9 kg for the combined treatment, 74.6 kg for those receiving diet alone and 79.5 kg for those receiving SBT alone. The weight loss achieved by the combined therapy group remained signi®cantly greater than that of the VLCD group (P`0.05).
A later study 55 compared three treatment groups, as above. The results at one year showed that the two groups undergoing behavioural treatments, achieved a statistically signi®cant greater mean weight loss (6.6 kg for those receiving SBT alone and 10.6 kg for those receiving VLCD and SBT) compared to the diet alone group (mean weight loss 4.7 kg). At ®ve years there were no longer any signi®cant differences between treatment groups.
Fat restriction vs fat and calorie restriction ( Figure  15 , website/CRD report 14 ). Schlundt et al 56 studied fat restriction alone vs fat plus calorie restriction. There was a statistically signi®cant greater baseline BMI for those in the fat plus calorie restriction group compared to the fat restriction alone group (37 vs 31 kg/m 2 for males, 33 vs 30 kg/m 2 for females). At the end of the intervention (16±20 weeks), subjects restricting fat and calories had a statistically signi®cant greater weight loss compared to those restricting fat alone. Both groups had lost statistically signi®cant amounts of weight compared to baseline values. Although the statistically signi®cant effect for time was maintained for both groups at the 9±12 month follow-up, the signi®cant between group difference was lost. Mean weight losses were 2.6 kg for the fat restriction only group and 5.5 kg for the fat and calorie restriction group.
Fat restriction vs calorie restriction was also examined in a later study. 57 Female participants were randomised to receive either counselling in fat consumption or counselling in calorie consumption.
Mean weight losses during the period between baseline and six month follow-up were 4.6 kg for the fat counselling group and 3.7 kg for the calorie counselling group. By the 12 month follow-up, both groups had regained some of the lost weight (cumulative mean weight losses were 2.1 kg and 0.5 kg, respectively), and by the 18 month follow-up, the mean weight for both groups was greater than the baseline values. There were no statistically signi®cant between group differences for weight loss or weight gain at any point during the study.
Provision of food and meal plans ( Figure 16 , website/ CRD report 14 ). Jeffery et al 58 allocated subjects to one of ®ve treatment conditions during an 18 month intervention. Group 1 served as no treatment controls. The second group received SBT with individual calorie and weight goals, and an exercise programme. Group 3 received two pre-packaged meals a day, ®ve days a week in conjunction with SBT. The fourth group received SBT plus a monerary incentive for weight loss. The ®fth group received food provision, monetary incentive and SBT combined.
The two groups that were provided with food had the largest weight loss at all time points studied. The mean weight loss across all the treatment groups excluding control was 7.7 kg between baseline and 6 month follow-up. The corresponding ®gure for groups provided with food was 10.1 kg. The respective values were 4.5 kg and 9.1 kg for the 12 month follow-up, and 4.1 kg and 6.4 kg at 18 months. Analysis of BMI also demonstrated that food provision groups had statistically signi®cant losses when compared to the non-food provision groups. Moreover, the active treatment groups had statistically signi®cant reductions in BMI when compared to the control group. However, the superiority of the food provision condition observed at 18 months was not maintained at 12 month post-intervention follow-up. 59 There were no statistically signi®cant effects for the ®nancial incentive conditions.
In a later study, 60 subjects were allocated to one of four regimes. The ®rst group were assigned SBT only. The second group received SBT plus written meal plans and grocery lists. The third group received the same intervention as group 2, with the added provision of a food box containing all the items described on the meal plans. Participants shared the cost of food provision. The fourth group underwent the same treatment as group 3, except that food was provided free of charge.
At the end of the 6 month intervention, the mean weight loss in the group receiving SBT alone was 8.0 kg. This was a statistically signi®cant smaller loss when compared to the other three groups (12.0 kg, 11.7 kg and 11.4 kg, respectively) (P`0.03). A similar pattern was maintained at the one year follow-up, although all groups had regained weight. The mean weight losses compared to baseline were, 3.3 kg for group 1, 6.9 kg for group 2, 7.5 kg for group 3 and 6.6 kg for group 4. This suggests that meal plans and grocery lists may be effective, but food provision does not provide additional bene®t.
Inpatient vs outpatient treatment ( Figure 17 , website/ CRD report 14 ). Hakala 61 compared inpatient and outpatient settings for weight loss interventions. The outpatient group attended a local health centre where they underwent a ten week course for weight loss led by specialist nurses. Those receiving inpatient treatment stayed at a rehabilitation centre for three weeks.
A statistically signi®cant greater mean weight loss of 13.8 kg was observed for the inpatient group at six months compared to a mean weight loss of 7.5 kg for the outpatient programme (P`0.05). Moreover, both groups had lost statistically signi®cant amounts of weight compared to baseline. At the two year follow-up, the mean weight loss in the inpatient group was 7.5 kg vs 3.1 kg for the outpatient group. There were no statistically signi®cant between group differences at this point. The weight loss over time, compared to baseline values, remained statistically signi®cant for the inpatient group only. At the ®ve year follow-up, the mean weight change from baseline was 76.8 kg for men and 0.3 kg for women in the inpatient group. In the outpatient group, the mean weight had returned to baseline levels for both sexes.
Behavioural interventions combined with speci®c exercise components (Table 5 , website/CRD report 14 ) Moderate exercise vs placebo/no exercise ( Figure 18 , website/CRD report 14 ). Wing et al 46 compared moderate exercise, based on walking, with placebo exercise, based on light callisthenics. At the end of the ten week intervention, both groups had lost statistically signi®cant amounts of weight compared to baseline (8.5 kg and 7.3 kg, respectively). There were no statistically signi®cant differences between the groups with respect to weight loss. At one year follow-up, the statistically signi®cant intra-group differences had been maintained, but there was still no signi®cant difference between the two groups.
In a second study within the same paper, comparisons are made between a group receiving the dietary guidelines and behavioural intervention and a group receiving the same plus an exercise programme (walking). There was a statistically signi®cant between group difference, in favour of the group receiving exercise, for mean weight loss at both post-treatment (9.3 kg vs 5.6 kg), and at one year follow-up (7.9 kg vs 3.8 kg).
Supervised exercise vs exercise education. Pavlou et al 45 recruited overweight males to an 8 week 2 6 4 factorial design study. This was used to evaluate four different diets: a balanced caloric de®cient diet (BCDD) (1000 kcal/d); a protein sparing modi®ed fast (PSMF) (1000 kcal/d); a powdered protein carbohydrate mix of 420 kcal/d (DPC70) and a formula diet of 800 kcal/d (DPC800). Each diet was combined with either supervised exercise sessions or exercise education with no additional exercise activity.
All groups has lost statistically signi®cant amounts of weight by the end of the ten week intervention. For groups receiving exercise, there were no statistically signi®cant time effects between baseline and 6 and 18 month follow-up measurements. All non-exercise groups had regained weight at the 6 and 18 month follow-ups, although it is not stated whether the rates of regain were statistically signi®cant over time, or between groups.
Supervised exercise vs dietary education. In a study undertaken by Bertram et al, 43 obese women were randomly assigned to one of three 16 week treatment conditions. These were aerobic exercise, lectures on nutrition and behavioural strategies, and a control group. All participants received a 1200 kcal/d diet.
All three treatment groups showed statistically signi®cant decreases in body weight and BMI at post-treatment measurement. No statistically signi®-cant differences were demonstrated between the groups. However, when the latest available data were included for seven subjects who had dropped out of the control group, it was observed that the average reduction in body weight was 5%, compared to 8% and 9% for the exercise and lecture groups, respectively.
Exercise and contingency management ( Figure 19 , website/CRD report 14 ) Contingency management was compared to, and combined with, stimulus control and exercise. 44 All participants were trained in the use of stimulus control, and the ®rst group received this alone. A second group was provided with stimulus control combined with exercise. The third group received stimulus control in conjunction with contingency management, and the fourth group received all three interventions.
At one year follow-up, groups exposed to exercise and/or contingency management, maintained statistically signi®cant weight losses compared to baseline, second group 7.4 kg, third group 5.2 kg, fourth group 5.9 kg. No statistically signi®cant differences were demonstrated between exercise and contingency management.
Dietary interventions (Table 6 , website/CRD report 14 
The role of ®bre in weight loss (Figure 20 , website/ CRD report 14 ). Baron et al 47 compared a low ®bre/ low carbohydrate diet with a high ®bre/low fat diet for three months. The low ®bre/low carbohydrate group had a greater mean weight loss at one month, three months and one year follow-up. This study does not show any advantage of ®bre in promoting weight loss. In the second paper, Rytigg et al 48 evaluated ®bre supplements, compared to placebo, in addition to a 27 week calorie restricted diet. After this period, all participants remaining in the study were given ®bre supplements with an ad libitum diet for the remaining 25 weeks. A statistically signi®cant weight reduction was seen in both groups at eleven weeks (P`0.01), with the supplement group demonstrating a signi®-cantly greater mean weight loss of 4.9 kg compared to 3.3 kg for the placebo group. The difference between groups remained statistically signi®cant at the end of the one year intervention (P 0.03), even though the control group received ®bre supplements from week 27 onwards.
Diet and exercise combined (Table 7, Figure 21 , website/ CRD report 14 ) Skender et al 62 evaluated the relative and combined bene®ts of diet and exercise as weight loss interventions. The ®rst study group were prescribed a low energy diet, the second received an exercise regime based on walking, whilst the third group underwent the combination of these interventions. At the end of the one year intervention all groups had lost weight relative to baseline but there were no statistically signi®cant differences between groups. At the end of the one year follow-up, all groups had regained some of the lost weight.
Pharmacological interventions (Table 8 , website/CRD report 14 ) Studies evaluating dexfen¯uramine (dF) (Figure 22 , website/CRD report 14 ). In the thirteen studies satisfying the inclusion criteria, the most commonly studied drug was the selective serotonin agonist dexfen¯uramine (dF) the dextro-isomer of racemic dl-fen¯uramine. Five papers compared dF (15 mg twice daily in all trials) against placebo capsules.
63±66,68 All participants were prescribed a calorie restricted diet. A large multi-centre trial (INDEX), demonstrated a statistically signi®cant greater weight loss for the dF group compared to the placebo group at the end of the one year intervention (9.82 kg versus 7.15 kg). 63 During the last 6 months of intervention, the placebo group showed a tendency to regain weight, whereas the body weight of those taking dF remained relatively stable. One centre included in the INDEX trial extended the follow-up to three years, at which time the placebo group had maintained weight loss compared to baseline, whereas the dF group had gained weight. 68 A later study 64 which followed the INDEX trial protocol, (n 75), demonstrated that both placebo and dF were equally effective in reducing weight up to 7 months. After this, there was a similar trend for weight regain in the two groups, even though the intervention continued for a further ®ve months.
Two other trials demonstrated the effectiveness of dF, but only for a 6 month period. 65, 66 In a study where participants received treatment for 6 months only, dF produced a statistically signi®cant greater weight loss compared to placebo at 6 months, 9.7 kg vs 4.9 kg, respectively. 66 However, no difference was seen at 5 months post-intervention follow-up. MathusVliegen 65 continued to give dF for a total of 12 months. After the ®rst six months, weight began to rise and by 12 months, those receiving dF showed a statistically signi®cant increase in body weight relative to peak weight loss compared to those receiving the placebo.
Four of the above studies were pooled ( Figure 23 , Website CKD report 14 ) using a ®xed effects method. 63±66 This found an overall weighted mean difference between treatment and control groups of 72.6 kg (95% CI 73.8, 71.3). No signi®cant heterogenity was found between the studies (w 2 2.27, Pb0.3). The ®ndings of the analysis indicate that dF is more effective than placebo at 12 months, however, the trend for weight regain after approximately 6 months remains a concern.
One study evaluated dF (15 mg twice a day for three months) as part of a year-long weight loss intervention programme, combined with dietetic consultations. 75 When compared to dietetic consultations alone, there was a statistically signi®cant between group difference, mean weight change: 73.40 kg vs 71.59 respectively, at 3 months. By the end of the one year intervention no signi®cant differences were seen between groups.
O È st and Go Ètestam 71 compared the effectiveness of fen¯uramine (60 mg twice daily) with a behavioural intervention and waiting list controls. The behaviour therapy group achieved a statistically signi®cant greater weight loss compared to the control group. However, there was no signi®cant difference in weight loss between behavioural therapy and fen¯ur-amine, or between fen¯uramine and the control group.
The combination of fen¯uramine and phentermine has only been evaluated in placebo controlled trials of short duration. 72, 112 No statistically signi®cant difference in long term weight loss was found between long term continuous and intermittent use of this combination. 72 Studies evaluating selective serotonin re-uptake inhibitors (SSRIs) (Figure 24 website/CRD report 14 ) . Two studies examined the effect of¯uoxetine (60 mg daily), compared to placebo. A multi-centre study showed that¯uoxetine produced a statistically significant greater mean weight loss from weeks 2±28. After this period, the difference in weight loss ceased to be signi®cant and both groups regained weight even though treatment continued. 67 A second trial focused on non-insulin dependent diabetics. 69 In this smaller study,¯uoxetine produced a statistically signi®cant fall in median body weight between 3 and 12 months when compared to placebo. However, weight regain commenced at nine months. A study of femoxitine, an alternative SSRI, failed to demonstrated a statistically signi®cant difference between the active drug and placebo. 70 Studies examining mazindol. Vernace 73 compared the effectiveness of mazindol with d-amphetamine and a placebo. Both drug arms showed signi®cantly greater weight loss than the placebo during the 12 week intervention but weight regain occurred posttreatment. There were no statistically signi®cant differences between the three groups at one year follow up.
Drugs currently under study ( Figure 25 , website/CRD report 14 ). Two new drugs presently under study in the treatment of obesity are sibutramine (a noradrenergic and serotonin reuptake inhibitor) and Orlistat (a lipase inhibitor). A multicentre double blind RCT of sibutramine (10 mg and 15 mg once daily for one year) showed weight loss during the ®rst six months, with weight remaining stable for the following six months. At 12 months, average weight loss was 1.6 kg for the placebo group, and 3.3 kg and 4.4 kg for the 10 mg and 15 mg sibutramine groups respectively. 113 Adverse effects. Four of the ®ve dF vs placebo trials reported on adverse effects. Two of these 63,66 reported a statistically signi®cant higher incidence of adverse events in the dF groups, namely fatigue, dizziness, dry mouth, nausea, diarrhorea and polyuria. Weintraub et al 72 reported fewer adverse effects for those receiving continuous fen¯uramine and phentermine compared to those undergoing intermittent medication. O È st and Go Ètestam 71 reported no statistically signi®cant differences in the occurrence of adverse effects in the groups receiving the active drug. The risk of pulmonary hypertension has been shown to increase when centrally acting appetite suppressants are used for a total period of greater than three months, 114 however, the absolute risk is still very low. 115 Of the two studies assessing¯uoxetine vs placebo, one reported more frequent adverse effects in the active drug groups, including gastrointestinal symptoms, sleep disturbances, sweating, tremor, amnesia and thirst. Bitsch and Skrumsager 70 observed that three patients receiving femoxitine, withdrew due to side effects (fatigue, dizziness, diarrhoea and constipation) during weeks 1±5 of the trial.
Finally, Vernace 73 noted more side effects in the active drug groups (mazindol and d-amphetamine) when compared to placebo. Table 9 , website/CRD report 14 
Surgical interventions (
)
Surgical treatment is normally considered only in people with morbid obesity (BMI over 40 kg/m 2 ) because it is associated with a higher risk of premature death, and when less invasive methods of weight loss have failed. 116 Fifteen papers met our inclusion criteria for surgical interventions.
Gastric bypass vs gastroplasty (Figure 26 , website/ CRD report 14 ). Seven papers examined the ef®cacy of gastric bypass compared to gastroplasty. The purpose of the gastric bypass is to produce a small upper pouch in the stomach with a narrow outlet. 81 Although pouch size may vary, the most common size of pouch utilised in the included studies was approximately 30 ml. There are several techniques by which gastic bypass are undertaken. Five of the papers identi®ed in this section, looked at the Roux-en-Y technique.
MacLean et al 88 and Sugerman et al 82 both compared the Roux-en-Y gastric bypass to vertical banded gastroplasty (VBG). The aim of the gastroplasty is, again, to produce a small upper pouch, but instead of bypassing most of the stomach, the natural passage of the food is maintained.
Sugerman et al 82 demonstrated a statistically signi®cant difference between groups, the Roux-en-Y gastric bypass group losing 25% more of their excess weight than the gastroplasty at one year. The difference remained statistically signi®cant for three years post surgery.
MacLean et al 88 did not demonstrate a signi®cant difference between the two groups, although there was a trend towards the Roux-en-Y gastric bypass having a greater success rate. Several patients from both study arms were later converted to isolated gastric bypass due to failure to lose weight. The participants in this part of the study were not randomised. However, it may be worth noting that this surgery was found to be more successful for weight loss than either of the original procedures, with a success rate of 83% versus 39% for the vertical banded gastroplasty and 58% for the Roux-en-Y gastric bypass (P 0.003). In this study, individual success was de®ned as a reduction to less than 50% of excess weight.
Three studies compared the Roux-en-Y technique to unde®ned gastroplasty. 78, 79, 86 Hall et al 86 also included a third study group which received gastrogastrostomy (the surgical anastomosis of one portion of the stomach with another, the portions being separated by a staple line). All three papers showed statistically signi®cantly better results for gastric bypass (1±3 y follow-up).
Two further papers examined unde®ned gastric bypasses compared to gastroplasty. 81, 89 Both papers demonstrated statistically signi®cant long term improved weight loss with the gastric bypass, 60% losing more than 75% of excess body weight with the gastric bypass compared to 18% with the vertical banded gastroplasty. 89 . In the trial by Na Èslund et al, 81 gastric bypass patients demonstrated a mean weight loss of 42.9 kg at 24 months, compared to 27.6 kg for gastroplasty patients. . A study by Brolin et al 87 compared the standard Rouxen-Y procedure (75 cm defunctionalised jejunum) to modi®ed Roux-en-Y (150 cm defunctionalised jejunum). All patients were instructed post-operatively to take a daily multivitamin supplement and to follow a liquid diet for the ®rst four weeks, followed by a diet of soft foods. The modi®ed gastric bypass resulted in a signi®cantly better post-operative weight loss at 2±3 y follow up. However, by four years follow up, this difference was no longer signi®cant, both groups losing weight (63.5 kg and 72.1 kg, respectively). It should be noted that only 33% of the patients originally randomised were available at the ®nal assessment.
Horizontal vs vertical banded gastroplasty ( Figure  28 , website/CRD report 14 ). Andersen et al 83 compared two modes of gastroplasty, horizontal banded vs vertical banded. At the 12 month follow up, the vertical banded gastroplasty demonstrated a statistically signi®cant greater weight loss (9.7 kg vs a gain of 1.0 kg). However, weight regain was also commencing for the vertical banded group at this point. Figure  29 , website/CRD report 14 ). A later study 84 compared horizontal gastroplasty to a VLCD. Although both groups lost weight, the differences were not reported as being statistically signi®cant when compared to baseline and no signi®cant inter group differences were observed throughout the study. It should be noted that the duration of the VLCD was not stated.
Gastroplasty vs very low calorie diet (VLCD) (
End-to-end vs end-to-side jejunoileostomy ( Figure  30 , website/CRD report 14 ). A comparison of endto-end with end-to-side jejunoileostomy 80 showed no statistically signi®cant difference between groups in terms of weight loss. More patients receiving the endto-end procedure suffered from post-operative electrolyte de®ciencies compared to those receiving endto-side jejunoileostomy.
End-to-side jejunoileostomy vs medical treatment ( Figure 31 , website/CRD report 14 ). A comparison of end-to-side jejunoileostomy and unspeci®ed medical treatment showed a statistically signi®cant difference in weight loss at two years, with median weight losses of 42.9 kg for jejunoileostomy patients vs 5.9 kg for those receiving medical treatment. 77 End-to-end jejunoileostomy vs gastric bypass ( Figure  32 , website/CRD report 14 ). A randomised controlled trial of 38 morbidly obese patients was carried out by Buckwalter. 90 Both groups achieved signi®cant mean weight loss by 12 months (31.5 kg following jejunoileostomy and 43.0 kg following gastric bypass). Data was analysed in only 6 patients per treatment arm.
A further RCT examining the effectiveness of the gastric bypass in comparison to end-to-end jejunoileostomy also showed signi®cant mean weight loss in both groups by 12 months (57.9 kg following jejunoileostomy and 51.0 kg in the gastric bypass group). 91 There was no statistically signi®cant between group difference with regard to weight loss.
Garren-Edwards gastric bubble versus placebo (Figure 33 , website/CRD report 14 ). Hogan et al 85 studied the effect of the Garren-Edwards gastric bubble in comparison to a sham placement. Although no statistically signi®cant between group differences were demonstrated, greater weight losses occurred in the sham placement group. This group had a signi®-cantly higher drop out rate, which may have led to bias in the results.
Maintaining weight loss (Table 10 , website/CRD report 14 ) Continued therapist contact ( Figure 34 , website/ CRD report 14 )
. In an early study conducted in two phases, 93 the frequency and content of behavioural therapy sessions for maintenance were varied. All participants received the same initial 8 week weight loss programme and were then randomly assigned to receive one of ®ve different maintenance conditions. These were based on either structured behavioural booster sessions or unstructured non-speci®c booster sessions, held either every two weeks or every month during a 12 month maintenance phase. The structured behavioural booster sessions served as an extension of the initial 8 week intervention, in that techniques already covered were reviewed. The sessions continued to be therapist-led. By contrast, the unstructured non-speci®c booster sessions involved the therapist only as a passive facilitator of discussion during meetings.
There was statistically signi®cant weight loss in all participants during the initial treatment period. For the ®rst phase of the maintenance study, groups receiving two weekly sessions had a greater mean weight loss than those receiving four weekly sessions at the 3 month follow-up (7.4 kg vs 5.0 kg). however, the former group regained more weight between the 3 month follow-up and the one year follow-up. None of these differences were statistically signi®cant. Data analysis from the second phase of the maintenance study revealed no statistically signi®cant differences between group results in terms of weight loss or regain at any point in the study.
Hall et al 94 delivered a 10 week behavioural weight loss programme followed by one of three maintenance interventions: minimal contact, monitoring/minimal contact, or continued contact. The mean overall weight loss over time at the end of the intervention was statistically signi®cant, with a mean of around 3.5 kg. At 18 weeks following the commencement of the treatment programme, there was a statistically signi®cant difference in weight loss between the continued contact and minimal contact groups, 5.4 kg vs 2.1 kg, respectively. However, this difference was not maintained at the one year followup.
Baum et al 95 compared continued therapist contact to minimal contact. All participants received the same initial 12 week weight loss programme, including presentations, group discussions and an exercise class. At the end of the weight loss programme participants were randomly allocated to receive either a therapist-support or minimal support as maintenance condition.
There was a statistically signi®cant difference for weight loss for all subjects at the end of the initial treatment period vs baseline value: 4.0 kg. At the 12 month follow-up assessment, patients receiving the therapist support condition were more successful at maintaining weight loss compared to the minimal contact group: mean weight loss at 12 month follow-up compared to baseline was 3.6 kg vs 1.5 kg. However, this difference was not statistically signi®cant.
Perri et al 96 randomised participants to one of two maintenance programmes following a 14 week behavioural weight loss programme. The ®rst group received SBT plus six biweekly booster sessions. Following this, there was no further pre-arranged contact with therapists, or with other group members, apart from ®ve follow-up assessment meetings. The second group also received the SBT and booster sessions, and were encouraged to form self-help peer groups. Participants in this condition also continued to have contact with therapists by post and telephone.
At the end of the weight loss intervention, all groups had lost statistically signi®cant amounts of weight over time (overall mean of around 6.0 kg), but there were no statistically signi®cant between group differences. However, at the 9 month followup, participants in the second group demonstrated statistically signi®cant superior weight losses to the ®rst group, 7.7 kg vs 3.1 kg. This level of difference was maintained at the 15 month and 21 month followups. However, as the maintenance programme concluded, both groups had regained some of the weight they had lost.
In a later study, Perri et al 97 varied the components of behavioural interventions for weight loss maintenance. All participants underwent an initial 20 week behavioural weight loss programme and were instructed regarding an aerobic exercise regime. On completion of the behavioural programme, subjects were allocated to one of ®ve 18 month maintenance conditions.
The ®rst group served as a control and had no further contact with therapists after the completion of the weight loss programme. The second group continued to attend fortnightly behavioural sessions. The third group underwent the same conditions as the second group with the addition of a social in¯uence maintenance programme (monetary group contingencies, participant led lectures and training in the promotion of peer support). The fourth group received the same maintenance intervention as group 2, with the addition of an aerobic exercise regime. Finally, the ®fth group received the same intervention package as the fourth group, with the addition of the social in¯uence maintenance programme.
At the end of the initial weight loss intervention, there was an overall statistically signi®cant mean weight loss over time of 12.5 kg. At the 6 month follow-up, the four groups who were receiving posttreatment maintenance programmes had achieved statistically signi®cant superior weight losses when compared to the control group. This performance was maintained at the 12 and 18 month follow-ups. Figure 35 , website/CRD report 14 ). Kramer et al 98 delivered a 15 week behavioural weight loss intervention followed by a one year maintenance programme in the form of either a skills focus condition a weight focus condition or a no treatment control condition.
Skills focus vs weight focus (
The skills focus condition entailed monthly meetings during which subjects were trained in dietary and exercise behaviours compatible with maintaining weight loss. The weight focus condition also involved monthly meetings, emphasising problem solving. The control group had no contact apart from the assessment at one year and an interim reminder letter. Financial incentive contracts were used in all groups.
All groups regained approximately 40% of initial weight losses at the end of the one year maintenance period. No signi®cant differences were found between the groups for either weight regain or the percentage of patients successfully maintaining their original weight loss. The percentage of subjects maintaining initial weight loss for one year was greatest among the weight focus group, 32% compared to 14% for the skills focus group and 18% for the control subjects.
Conventional foods plus formula diet versus conventional foods alone (Figure 36 , website/CRD report There was an overall statistically signi®cant weight loss of 20.8 kg (P`0.0001) at the end of the twelve week period. At one year follow-up, the group receiving the supplement had a statistically signi®cant lower mean body weight, 93.7 kg compared to 109.9 kg. However, at the start of the maintenance intervention, this group was signi®cantly lighter than the other group: 85.7 kg vs 97.6 kg (P 0.02). Both groups regained statistically signi®cant amounts of weight during the latter eight months of the maintenance period.
Agras et al 100 prescribed a 12 week formula diet (800 kcal/d), combined with behavioural therapy to overweight women. Participants were eligible to be allocated to one of four maintenance conditions only if they had lost 5% of their initial weight during the weight loss programme. The maintenance conditions were refeeding with standard food or pre-packaged food, either on a time or weight dependent basis. Time dependent meant that conventional food gradually replaced the formula diet in stages. Weight dependent meant that the patient did not progress to the next stage unless body weight was stable or declining. There were no statistically signi®cant between group differences at any point. All groups experienced regain of lost weight.
Maintenance of weight loss following surgery ( Figure  37 , website/CRD report 14 ). One study examined the effectiveness of a 6 month behavioural intervention following gastric bypass or vertical banded gastroplasty. 92 Fifteen patients received the behavioural intervention, which consisted of 12 sets of written material posted every two weeks, monthly behavioural consultations and medical follow-ups. Seventeen patients were allocated to a minimal intervention group, receiving only monthly medical follow-ups following surgery. Both groups achieved signi®cant weight loss (46.6 kg and 36.4 kg, respectively at 12 months post-surgery). However, the weights at both 12 and 24 months were not signi®cantly different, suggesting that the behavioural intervention did not enhance the weight loss produced by surgery alone.
Pharmacological interventions as a maintenance strategy ( Figure 38 , website/CRD report 14 ). Only one study investigated the role of pharmacological interventions in the maintenance of weight loss. Wadden et al 74 provided VLCD combined with behavioural therapy to female subjects during a 26 week weight reduction programme. Subjects were required to have lost at least 10% of their initial weight before they could enter the maintenance programme. The 54 week maintenance programme consisted of either sertraline (50±200 mg/d) or placebo. At the end of the 54 weeks, there were no statistically signi®cant differences.
Comprehensive interventions (Table 11 , website/CRD report 14 This section concerns studies where both treatment and maintenance phases are examined as part of an integrated intervention.
Different types of post treatment contact (Figure 39 , website/CRD report 14 ). Perri et al 103 examined three different treatment conditions and two different maintenance conditions in a 3 6 2 factorial design. The treatment conditions were non-behavioural therapy (dietary and exercise guidelines in conjunction with non-behavioural therapy sessions), behaviour therapy and behaviour therapy plus relapse prevention training. Treatment was carried out for a period of 15 weeks, after which two maintenance conditions were examined. The ®rst of the post-treatment conditions was no further contact with therapists except for follow-up assessments. The second condition enabled the participants to remain in contact with the therapists by mail and telephone. Although all groups had achieved weight loss at the post-treatment assessment, there were no signi®cant inter group differences. At the twelve month follow-up, ®ve of the groups gained weight signi®cantly, the behavioural therapy plus relapse prevention training and post-treatment contact was the only treatment condition to maintain its posttreatment weight loss (10.3 kg) .
In a later study examining the issue of clienttherapist contact, 104 participants underwent 20 weeks of behavioural therapy and were then randomised to one of three maintenance conditions: a peer group self-help maintenance programme, therapist contact maintenance programme, and a no maintenance programme. All groups had lost signi®cant amounts of weight after 20 weeks of treatment (P`0.0001), but there were no signi®cant differences between groups. From post-treatment to the seven month follow-up, the therapist contact group had a signi®cantly greater weight loss (11.5 kg) than the peer support and control groups (9.3 kg and 7.8 kg, respectively). However, this difference was not sustained between the seven and eighteen month follow-ups, with weight regain occurring in all groups after the end of the maintenance period.
The nature of the therapeutic contact offered to obese patients is also explored by Hakala et al 108 Participants received either group counselling following a two week inpatient weight loss programme, or individual counselling during the entire two year treatment period. Female participants undergoing group counselling, lost signi®cantly more weight than the comparison group during the ®rst three months of treatment (15.6 kg and 8.4 kg, respectively). No further statistically signi®cant differences were demonstrated for women at any time point over ®ve years. Male participants appeared to bene®t much more from individual counselling, showing a statistically signi®cant difference between the two groups from 8 months (724.4 kg vs 712.4 kg) , through to two years (715.6 kg vs 71.8 kg). Weight regain had occurred in both groups by the end of the two years, although the mean weights remained below baseline ®gures for men and women in both groups at ®ve years.
The role of exercise and diet (Figure 40 , website/CRD report 14 ). King et al 105 conducted a study assessing the effect of a minimal intervention on the maintenance of weight loss through either diet or exercise. Participants were randomised to a moderate energy restriction, an increase in physical activity or a no treatment control for one year. After this, control subjects were provided with dietary and exercise information and the two experimental groups were randomised within each condition to either a telephone contact maintenance condition or to an assessment only control group. The diet group lost signi®cantly more weight at post-intervention than the exercise group. During the second year, the amount of weight regain in the telephone contact maintenance group was less in the exercisers than in the dieters (0.79 kg vs 3.20 kg, respectively). Weight regain in the two control groups was 3.9 kg for the exercisers and 2.6 kg for the dieters. Care has to be taken in the interpretation of these ®ndings as the study was not initially designed to examine weight maintenance.
Behaviour therapy with diet ( Figure 41 , website/ CRD report 14 ). Wadden et al, 109 compared the short term use of a VLCD during treatment phase vs a standard balanced de®cit diet (BDD) (1200 kcal/d). Both groups underwent the same maintenance programme of biweekly sessions during 26 weeks postintervention. The sessions provided instruction in weight charting, exercise, preparing low-fat meals, and how to prevent dietary and exercise relapses. After 52 weeks of treatment the weight loss was not signi®cantly different between the two groups 17.3 kg vs 14.4 kg). Both groups regained weight during the maintenance period. However, the BDD subjects gained 2.2 kg compared to a signi®cantly greater gain of 6.3 kg in the VLCD subjects.
Toubro and Astrup 110 evaluated two types of dietary regime as an initial weight loss programme. Participants were randomised to receive either a low energy formula diet for eight weeks, or a hypocaloric diet consisting of conventional foods for 17 weeks. After this, subjects remaining in the study were randomised again to produce comparability regarding anthropometry and weight loss, and were assigned to one of two one year maintenance programmes. The ®rst was an ad libitum low fat high carbohydrate diet and the second was a ®xed energy intake diet. All subjects attended behavioural therapy sessions both during the weight loss intervention and the maintenance programme.
There were no statistically signi®cant between group differences at the end of the initial weight loss intervention, both groups experiencing a loss of 12.6 kg. At the end of the one year maintenance programme, both groups had regained weight. For the group receiving the ®xed energy intake diet, the regain was signi®cant (4 kg). Regain continued in both groups throughout the one year follow-up. The low fat, high carbohydrate group had regained 5.4 kg relative to the end of the weight loss intervention and the ®xed energy intake group had regained 11.3 kg. The difference between the groups at this point was statistically signi®cant. The results of this study suggest that the ad libitum low fat, high carbohydrate diet appeared to be superior to a ®xed energy regime for maintaining weight loss. However, the fact that the study was undertaken with small sample sizes, combined with an attrition rate of 35% by the end of follow-up, mean that these ®ndings should be regarded with caution.
Spaced versus massed booster sessions ( Figure 42 , website/CRD report 14 ). Wing et al, 102 allocated patients to either a behavioural weight control programme or an intermittent low-calorie regimen. All participants received weekly support sessions for 10 weeks. Following this, participants received one of two maintenance conditions: 6`spaced' booster sessions, held at monthly intervals or 6`massed' sessions, four of which were held during the third month. Both conditions were seen 12 months after initial treatment. No statistically signi®cant differences in maintenance of weight loss were observed between the two maintenance conditions, all clients regaining substantial amounts of weight during the one year follow-up.
The role of spouse involvement in maintenance sessions ( Figure 43 , website/CRD report 14 ). Cousins et al, 106 studied the effect of behavioural sessions and nutrition advice on weight loss in Mexican-American women. All participants received a nutrition manual and were randomised to no further intervention, behavioural treatment with maintenance sessions or modi®ed behavioural sessions, whereby the patient's spouse and family were encouraged to attend sessions. Following a 12 month treatment/maintenance intervention, the latter two groups lost a statistically signi®cant greater amount of weight than the group receiving the nutrition manual only. Although analysis revealed a trend for family intervention to be more effective, there was no statistically signi®cant difference between the two behavioural therapy groups.
Murphy et al 101 studied the effects of spouse involvement on weight loss and maintenance. The weight loss intervention was of 10 weeks duration, the maintenance phase lasting two years. Spouse attendance and contract condition were varied within a 2 6 2 factorial study design. The contract conditions differed according to whether the spouse was actively involved in encouraging and reinforcing weight loss activities. Two control conditions, a supportive group and a waiting list control group, were also included in the study. The waiting list control group did not receive any treatment.
At the end of the 10 week treatment period, there were weight losses of around 7.5 kg across the ®ve active treatment groups compared to a loss of 0.4 kg in the waiting list control group. There were eight maintenance sessions during the two year follow-up, with contact between participant and therapist gradually fading. Analysis comparing the three subjectalone conditions with the two couples conditions demonstrated a greater weight maintenance in the couples condition at both one and two year followup. The type of contingency contract was non-signi®cant for all weight loss variables. It should be noted that the sample sizes were extremely small by the two year follow-up.
Self-management techniques and lifestyle changes ( Figure 44 , website/CRD report 14 ). Stevens et al, 107 investigated the effects of an 18 month weight loss intervention (6 months treatment and 12 months maintenance) vs a usual care control condition as part of the Trials of Hypertension Prevention (TOHP). Those randomised to the 18 month weight loss programme received training in behavioural self-management techniques. Weight loss in the intervention group was signi®cantly greater than the control at all time points. The difference in weight loss between the intervention and control groups at 18 months was 3.9 kg.
A further study looking at people who were overweight with high-normal diastolic blood pressure, found that self-management techniques used in conjunction with moderate exercise, followed by relapse prevention training produced a small sustained greater weight loss (2 kg) at three years when compared to no active treatment. 111 Discussion and implications for future research
Prevention of obesity
Although the dif®culties in treating obesity and maintaining weight loss are well documented, little rigorous evaluation has been carried out in the area of primary prevention. The present systematic review identi®ed a total of four studies addressing this problem.
15±18
Family therapy produced promising results in preventing the progression to severe obesity in children, when compared to no treatment. 15 The target group was Swedish children aged 10±11 y, and it would therefore by useful to replicate this research in alternative age groups and settings, using larger sample sizes.
The prevention of adult-onset obesity was addressed by three community studies.
16±18
Community based education programmes linked with ®nancial incentives may be effective. However, this is an area where further research is required, since it is still unclear whether targeting speci®c`at risk' groups or the population as a whole, would be more effective.
One proposal to aid the prevention of obesity is to improve food labelling in order to help consumers make informed choices. However, the effectiveness of this type of policy would be dependent upon a good level of literacy and prior knowledge of nutrition among consumers.
Treatment of obesity
Childhood obesity. When targeting obese children, the reduction of sedentary behaviour appeared to be the most effective intervention for both achieving and maintaining weight loss. 24, 29 Both studies were of good quality, although sample sizes were small. Since both were carried out in the USA, it may be of value to study the same interventions, using larger sample sizes, in other settings. The reduction of sedentary behaviour in adult populations should also be examined. This view is supported by Prentice and Jebb 5 who suggest that the increasing prevalence of obesity in Britain is due to both high intake of fat and low levels of physical activity. These authors suggest that public health strategies should aim to promote both a reduction in dietary fat intake and a reduction in sedentary behaviour.
The role of parental involvement in the treatment of childhood obesity remains uncertain. 19 28 All three studies were carried out on small sample sizes.
Further evaluation of the parents' role needs to be undertaken before its true bene®t can be established. One explanation of the differences in study results may be the ages of the participants. Brownell et al 19 studied children aged 12±16 y, whereas Israel et al 28 and Epstein 22 recruited children from a younger age group, 8±13 y, and 5±8 y, respectively. It may be argued that adolescent subjects are generally less likely to comply with their parents' wishes compared to younger children and this tendency may be re¯ected in the effectiveness of family based interventions for obesity. However, these trends need to be explored and clari®ed through future research programmes.
The targeting of parents and children together for weight loss showed a statistically signi®cant bene®t, when compared to targeting children alone, at ®ve year follow-up. 27 Insuf®cient data were presented on sample size and baseline characteristics to draw ®rm conclusions. It is important to note that the four studies reviewed in this section were conducted by the same North American research group. It would therefore be useful for other authors to replicate the research, particularly in a non US setting. The targeting of parents and children together may be examined further by its incorporation into trials evaluating other treatments.
Researchers working in the area of childhood obesity should ensure that the change in the degree of obesity in children is expressed in an appropriate way. For those children still growing, even modest reductions of weight are of importance. This dif®culty may be overcome if baseline values and measures of treatment outcome are expressed as the percentage overweight.
Adult obesity. Much uncertainty remains over the most effective interventions for the treatment of adult obesity. However, there are certain areas that show promise and require further research. Jeffery et al 58 demonstrated that the provision of food to participants produced a signi®cantly greater reduction in BMI at 18 months follow-up when compared to a no treatment control. However, this difference was not maintained at 12 month post-intervention follow-up. 59 Moreover, it is likely that this type of intervention is not practical in the long term. Wing et al 60 demonstrated that the provision of meal plans and grocery lists to obese women, also produced signi®cant weight loss bene®ts. Although weight regain occurred during the one year follow-up, weight loss associated with the provision of meal plans and grocery lists, still remained signi®cantly superior to standard behavioural therapy alone. The design of these studies was good, but the value of the provision of meal plans and shopping lists needs to be assessed in other populations.
The effectiveness of increasing dietary ®bre as a weight loss intervention in unclear. 47, 48 The role of ®bre needs to be clari®ed through investigation of the most appropriate method of ®bre provision (by conventional foods or by supplement) and the duration of the intervention.
Exercise was studied in conjunction with behavioural programmes. Its effects were compared with exercise education, dietary education, callisthenics, stimulus control, contingency management and no treatment. There is some evidence that exercise may be useful in the prevention of weight regain 45 although its bene®t over dietary education remains unclear. The combination of diet and exercise in conjunction with behavioural treatment, however, does appear to be more bene®cial for weight loss than diet alone. 46 When diet and exercise were combined in the absence of behavioural treatment, the combination was no more effective than diet and exercise as single interventions. 62 Only one paper 39 was concerned with examining group versus individual therapy. Although participants undergoing group therapy lost signi®cantly greater weight post-intervention, there was no evidence to suggest that group therapy would be bene®cial in the long term once treatment had ®nished. Group therapy may be of some use if followed by a successful maintenance programme.
Promising approaches which need further research include cue avoidance (avoidance of situations that provide the temptation to overeat), 35 daily weight charting, 41 behavioural therapy by correspondence 40 and extension of the intervention period for behavioural therapy. 38 It is possible that these interventions may be of value when used in conjunction with other weight loss strategies, such as prescribed diet programmes.
VLCDs, when studied in conjunction with behaviour therapy produced a statistically signi®cant greater weight loss post-intervention, and after 6 and 12 months, compared to VLCDs or behavioural therapy alone. 54, 55 However, weight regain had commenced post-intervention. The effect of providing maintenance following an initial weight loss programme consisting of both VLCD and behaviour therapy needs to be studied.
The effectiveness of involving a spouse in weight loss programmes cannot be fully established from the studies included in the present review. Results were con¯icting and sample sizes were small in all four studies.
30±33
No evidence was available from the studies included in the review to suggest that the restriction of fat intake was superior to the restriction in calorie intake for weight loss in non-diabetic participants. 56, 57 The issue of identifying and targeting speci®c groups who are at risk of developing obesity, may be of importance, both in terms of policy and future research agendas. If this approach is taken, as opposed to targeting the general population, studies should be undertaken to determine the optimum interventions for each of the identi®ed groups.
Pharmacological
interventions. Pharmacological interventions did not appear to be effective in producing sustained long term weight loss. Recent guidelines produced by the Scottish Intercollegiate Guidelines Network Working Party on Obesity suggest that drug therapy under medical supervision should be continued long term where necessary. 117 However, the de®nition of`long term' is unclear, as are the criteria for prescription. A meta-analysis of trials examining dF vs placebo showed a signi®cant difference between groups at one year in favour of dF. However, a more qualitative assessment of the phar-macological studies showed that weight regain begins by 6±9 months, independent of whether treatment is continued or not. It is of great importance that the follow-up in such trials is of suf®cient length to enable the long term patterns of weight loss, maintenance of weight loss, or regain, to be studied. This pattern of short term weight loss and long term weight regain justi®es the use of a minimum 12 month observation period as an inclusion criteria for the current review.
A study conducted by O È st and Go Ètestam 71 compared fen¯uramine with a behavioural programme. No signi®cant differences were observed between the two intervention types at one year follow-up. However, further comparisons between the intervention types, for example pharmacological vs behavioural, dietary or exercise programmes, or combinations of such intervention types, should be explored.
Given the apparent short-term effectiveness of pharmacological interventions, future research should investigate the combination of these with a maintenance strategy. For example, drug therapy could be given for a period of 6 months in combination with behavioural support, which would continue after the pharmacological intervention had stopped, in order to promote maintenance of weight loss. Behavioural support is effective for the maintenance of weight loss, although further research is required into the frequency and type, for example, peer group support or client therapist contact. 94À96 The role of diet and exercise, following pharmacological interventions should also be evaluated as a long term strategy for continued weight loss/maintenance. As there is some evidence to support the effectiveness of exercise, diet, behavioural support and pharmacological interventions, further research should address the best combination of these therapies, which may differ between different categories of obese patients.
Surgical interventions.
There is good evidence to indicate the effectiveness of gastric bypass in the treatment of morbidly obese patients (those with BMIb40). Seven studies compared gastric bypass (Roux-en-Y or unde®ned technique) with gastroplasty (vertical banded, horizontal banded or unde®ned procedure). Six of these showed signi®cantly greater post-operative weight loss in favour of gastric bypass. Typical weight loss one year after gastric bypass was 45±65 kg compared to 30±35 kg after gastroplasty. MacLean et al 88 also showed a greater weight loss in the gastric bypass group although this difference was not statistically signi®cant when compared to results for the gastroplasty group. 88 Isolated gastric bypass may have good results in patients failing to lose weight post Roux-en-Y and post VBG, however, this procedure should be evaluated as part of a randomised controlled trial, with long term follow up.
The silicone band gastroplasty provides an alternative procedure to the vertical banding method. No identi®ed randomised controlled trials evaluating the silicone band gastroplasty met the review's inclusion criteria. Randomised controlled trials, with long term follow-up, are therefore required.
Only one study examined the role of a gastric bubble. 85 No evidence was found to support this technique. However, as this is a less invasive procedure, it perhaps warrants further examination.
It should be noted that, in general, weight loss in surgical patients is greater when compared to those receiving less invasive methods. Given the higher levels of maintained weight loss with surgery, it may also by useful to study the cost-effectiveness and effectiveness of gastric bypass surgery for obese patients who are not morbidly or super obese and who have failed to lose weight using other approaches. However, surgery is associated with complications. These include revision of the initial surgery, dumping syndrome, de®ciencies of vitamins and minerals due to the modi®cation in gut absorption processes, and associated mortality. The jejunoileal bypass procedure is associated with long term complications, arising as long as ten or ®fteen years subsequent to the surgery, and is no longer recommended as an intervention for the treatment of obesity.
At present, a large non-randomised controlled trial is being undertaken in Sweden, that will evaluate and compare different interventions for obese subjects. Outcomes relating to mortality and morbidity for those receiving surgery wil be compared to patients undergoing non-invasive interventions such as prescribed diet, exercise programmes, behavioural therapy and pharmacological interventions. A nation-wide registry of potential subjects for the trial is being compiled, that, together with the intervention studies, is entitled`Swedish Obese Subjects' (SOS). 118 No current publications arising from this project complied with the review's inclusion criteria. However, since the ®ndings will include long term follow-up of weight loss, comorbidity, quality of life and costs, future results are awaited with interest.
Maintenance
The majority of the studies included in the present review demonstrate weight regain either during treatment or post-intervention. It is imperative, therefore, that effective maintenance strategies are built into any weight loss programme.
Five studies included in the present review examined continued contact and although not all showed statistically signi®cant differences in favour of such contact, a trend was noticeable. 93±97 The addition of self-help peer groups in addition to therapist led booster sessions was shown to be effective in maintaining weight loss. 103 However, after the maintenance programme ended, weight regain occurred. Combining other promising maintenance strategies such as weight focus 98 and the use of formula diet preparations, 99 with continued contact, may enhance effectiveness. It is unclear whether a maintenance strategy of standard food or prepackaged food provided on either a weight dependent or time dependent basis, is effective. 100 Further research would need to be undertaken in order to establish the value of this type of intervention. The drug sertraline did no better than placebo when administered alongside relapse prevention training, as a strategy to maintain weight loss. 74 A selection of support services may need to be developed in order to suit individual requirements, for example, telephone hotlines, access to additional therapy sessions and regular refresher courses in weight management. 119 Any maintenance strategy has to be seen as a long term intervention and must be an integral part of any weight loss programme. Successful maintenance therapy is vital to the long term success of weight loss interventions. Future research in this area should aim to either develop weight loss treatments that have longer lasting bene®ts, or develop new, more effective maintenance programmes.
Comprehensive interventions
Eleven studies were classi®ed as comprehensive interventions, studying different combinations of treatment and maintenance conditions. One of the most effective combinations was a programme consisting of behav-ioural therapy and continued therapist contact by mail and telephone. 103 Post-intervention weight loss was maintained throughout the 12 month follow-up period.
The results of a study of overweight hypertensive participants demonstrated the effectiveness of selfmanagement techniques and lifestyle changes followed by continued therapist contact during the maintenance phase. 107 When compared to a usual care control condition, the treatment group showed signi®-cantly greater weight loss at all time points.
The involvement of the family or spouse in both weight loss and maintenance phases appeared to be of some bene®t, although the differences in treatment effect were not statistically signi®cant. 101, 106 The latter of these papers had a high drop out rate by the end of the two year programme. The role of spouse involvement requires further research before its value can be fully established.
It is possible that an optimally effective programme for the treatment of obesity and maintenance of weight loss may involve a more focused way of combining existing interventions. It is likely that the constituents of such a programme will vary according to the requirements and characteristics of individual patients. Important characteristics may include body weight, gender, motivation level and levels of other psychological variables, such as dietary restraint. It is possible that these variables may be of value in predicting the effectiveness of treatment packages, as opposed to the treatment itself. Very few of the papers included in the current review provided detailed pro®les of participants. For future research, there are two recommendations. First, those undertaking evaluations of interventions should, where possible, include information relating to the psychological pro®le of patients, using appropriate and validated outcome measures. Secondly, studies should be undertaken to identify the patient related variables that are most likely to predict the effectiveness of interventions.
Further considerations for future research
The role of the health care professionals. Obesity is a frustrating condition for both the patient and the professional, due to the long term nature of successful treatment. Health care professionals may have negative attitudes towards the overweight and obese, and may bene®t from education to modify negative beliefs about obesity and interventions that train health care professionals in methods for improving the delivery of weight loss/maintenance programmes. Silagy et al, 120 in a systematic review assessing the effectiveness of training health professionals to provide smoking cessation interventions, state that constraints imposed by the conditions in which health care professionals practise must also be addressed if training is to be an effective use of resources.
Methodological quality. Investment should be made in trials of sound methodological quality, conducted in a relevant local setting. This will necessitate a major improvement in the standard of conduct of trials (e.g. a priori calculation of sample size, better randomisation and intention to treat analysis). Patients should be followed-up for long enough to be able to judge the long term effectiveness of interventions. Future studies should include the collection of data on the psychological pro®les of obese and overweight patients, particularly variables relating to dietary restraint. Moreover, information concerning gender differences, ethnicity, sociocultural features and genetic pro®les, should be included. The cost-effectiveness of obesity-related interventions also needs to be addressed.
Predictors of treatment outcomes. Psychological and sociodemographic factors, as mentioned above, may serve as barriers to successful weight loss, or may act as predictors of treatment outcome. Research should be conducted to establish the relationship of these types of variables with treatment outcomes. The supervision of treatment may be another factor that determines the degree of success of interventions. Future trials should therefore include detailed information relating to this. The current review did not identify any controlled studies evaluating the effec-tiveness of commercial weight loss programmes. Good quality research concerning these types of intervention may be extremely useful and could provide valuable insight into the best methods of supervision of weight loss.
Investment in future research. Despite the national importance of obesity and cost to health services around the world, high quality research is relatively scant. Nationally co-ordinated strategies for research and development in this area are needed. In addition, an effort to encourage health care professionals to become more active in preventing and treating obesity in the long term is needed.
It is possible that population approaches based on national policies, for example tax on food products, would be effective. 121 These would aim to in¯uence the key variables in¯uencing obesity (principally calorie intake and exercise). However, no studies were identi®ed that evaluated policy initiatives, such as the taxation of high fat foods.
Conclusions
This review has identi®ed several potentially effective interventions for the management of obesity. Family therapy may be effective in the prevention of obesity in children. For the treatment of obesity in children, interventions aimed at reducing sedentary behaviour may be useful. Community based education strategies, especially when combined with ®nancial incentives, may help prevent obesity in adults. Behavioural interventions, such as cue avoidance, combined with diet and/or exercise appear to be effective. These may be more effective if of longer duration. Pharmacological interventions, for example dF and SSRIs, are effective for up to nine months. Surgical interventions, especially gastric bypass and vertical banded gastroplasty, have been shown to be effective for people with morbid obesity. Since weight regain is common in people who do successfully lose weight, long term follow-up maintenance strategies (such as self-help groups) should be an integral part of any weight loss programme. Due to problems with methodological quality, it is recommended that research ®ndings indicative of promising interventions are replicated. In addition, the optimum role for the primary health care team needs to be de®ned and supported by the appropriate resources. The increasing prevalence of overweight and obesity in many western countries represents an important public health problem. Therefore this area deserves greater investment, both in terms of good quality research and service provision.
